CO 


ON  lATEHT  IMAGE  FADING  IN 
ILFORD  K.O  AND  K.2  EMULSIONS 


by 

E.  V.  Benton 


t: 

i 

i 

c 


^  T*^  C* 

^  >ot 


S7 


J 


USNRDL-TR-610 


!<.  January  I963 


n,r.  ■  '.'A 


iiMV  ti 


raes 


I  lb! A 


U.S.  NAVAL  RADIOLOGICAL 
DEFENSE  LABORATORY 

SAN  FRANCISCO  24,  CALIFORNIA 


12ND.  P7463 


RADIOLOGICAL  PHYSICS  BRANCH 
£•  Tochilin,  Head 


NUCLEONICS  DIVISION 
W.  E*  Kreger,  Head 


AI»!INISTRATIVE  INFORMATION 


This  report  covers  a  facet  of  work  author¬ 
ized  by  the  Bureau  of  Ships  under  RDT  &  E 
Subproject  S-R007  11  01  titled  Radiation  Effects 
on  Materials ,  Parts ,  Equipment ,  Task  0549 
titled  Effects  of  Heavily  Ionizing  Particles , 
Details  may  be  found  in  the  USNRDL  Technical 
Program  Summary  for  Fiscal  Years  1963-1965 
of  1  November  1982.  Funds  were  provided  by 
the  Bureau  of  Ships  under  Budget  Project  10 , 
Allotment  178/62. 


ACKNOWLEDGMENTS 


The  author  wishes  to  thank  Dr.  Harry  H. 
Heckman  of  the  University  of  California 
Lawrence  Radiation  Laboratory  for  his  support 
and  interest  in  this  work.  The  author  is 
indebted  to  Carl  Duzen  for  his  helpful  sugges¬ 
tions  and  assistance  in  the  various  phases  of 
the  experiment ,  and  to  Mike  Heiberg  and 
Kathy  Urban  of  Sari  Francisco  State  College 
for  their  assistance  in  data  reduction. 


Eugene  P.  Cooper 
Scientific  Director 


E.  B.  Rofh,  CAPT  USN 
Commanding  Officer  and  Director 


ABSTRACT 


Fading  in  Ilford  K.O  and  K.2  emulsions  has  been  investigated  at 
+20°C  and  -20°C.  Track  segments  with  rates  of  energy  loss  from  0.6 
to  1.8  Mev/micron  were  used.  K.O  and  K.2  emulsions  stored  for  30  days 
at  -20^0  showed  no  evidence  of  fading.  After  a  30-^y  fading  period^ 
K.2  emulsion  stored  at  +20^C  and  at  50  percent  relative  humidity 
showed  less  than  10  percent  fading.  K.O  emulsion  stored  at  +20^C  and 
at  50  percent  relative  humidity  shoved  severe  fading.  This  is 
illustrated  by  curves  of  grain  density  versus  residual  range  for  2-, 
13-^  and  30-day  fading  periods. 
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SUMMARY 


TBie  Problem 


To  determine  the  rate  of  latent  image  fading  in  Ilford  K.O  and 
K.2  thick  photographic  emulsion  plates.  Grain  densities  of  charged 
particle  tracks  developed  immediately  after  exposure  are  compared 
with  grain  densities  of  tracks  which  have  faded  over  different 
periods  of  time. 


The  Findings 


Grain  density  of  charged  particle  tracks  in  K.O  emulsion  stored 
at  4-20^0  and  at  50  percent  relative  hTimidity  for  one  week  after 
exposure  decreases  to  50  percent.  K.2  emulsion  stored  for  30  days  at 
+20^C  and  at  50  percent  relative  humidity  shows  less  than  10  percent 
fading.  K.O^  K.2  emulsion  stored  for  30  days  at  -20^C  show  no 
measurable  fading. 
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INTRODUCTION 


A  charged  particle  track  can  yield  information  with  regard  to 
energy;  rate  of  energy  loss;  charge;  and  mass  of  the  particle  which 
produced  it.  This  information  is  contained  in  the  various  track 
parameters  such  as:  residual  range;  mean  gap  leng-th;  mean  blob  ^  ^ 
length;  track  width;  track  taper;  delta-ray  density;  and  scattering.  ^ 
It  is  a  well-known  fact  that  emulsion  grains  which  have  been  rendered 
developable  by  the  passage  of  a  charged  particle  through  them  may;  in 
time;  lose  this  property.  This  process  is  usually  referred  to  as  the 
*’fading  of  the  latent  image'*  and,  is  a  function  of  time;  temperature; 
relative  humidity;  and  the  restricted  energy  loss  of  the  charged 
particle. 3^^  As  fading  takes  place;  the  amount  of  information 
contained  in  a  track  decreases.  This  decrease  in  the  available 
information  may  seriously  affect  the  results  of  the  experiment.  Thus, 
the  rate  of  latent  image  fading  is  an  important  property  of  an  emulsion 
and  one  that  must  be  known  prior  to  experiment. 

Insensitive  Ilford  emulsions  KcO;  K  minus  1;  and  K  minus  2  were 
used  in  this  Laboratory  for  the  purpose  of  measuring  the  rates  of 
energy  loss  of  multiply  charged  particles .  Experiments  were  conducted 
using  both  artificially  and  naturally  accelerated  ions.  The  time 
between  exposure  and  processing  is  a  vsLriable  that  often  cannot  be 
controlled.  This  is  especieQ.ly  true  in  the  case  of  balloon  type 
cosmic-ray  exposures.  The  emulsion  stack  may  descend  into  a  rather 
ineuicessible  area  where  it  takes  days  for  recovery;  therefore,  a 
period  of  2  weeks  between  exp>osure  and  processing  is  not  uncommon. 

Because  of  the  absence  of  information  on  latent  image  fading  in 
the  insensitive  Ilford  emulsions,  an  experiment  was  underteiken  to 
establish  the  magnitude  of  the  rate  of  this  process. 


DESCRIPTION  OF  EXPERIMENT 


A  set  of  Ilford  K.O  emulsions^  all  from  the  same  hatch^  and  a 
set  of  K.2  emulsions,  also  from  a  single  batch,  were  used  in  this 
exi)eriment.  Ihe  single-batch  requirement  was  necessary  because 
emulsions  differ  slightly  in  sensitivity  from  batch  to  batch.  Glass - 
backed  emulsions,  1  x  3  in.,  with  a  thickness  of  100  microns,  were 
used.  This  thickness  sufficed  since  the  ions  entered  at  a  shallow 
angle  with  respect  to  the  siirface  of  emulsion  and  had  only  a  small 
range  (approximately  155  microns). 

Previous  to  exposure  the  plates  were  stored  at  room  temperatiire 
and  in  their  original  wrapping  in  an  emulsion  storage  cave  at  the 
University  of  California. 


Exposure 


^e  exposure  was  made  at  the  Heavy  Ion  Linear  Accelerator  (HILAC), 
Lawrence  Radiation  Laboratory,  Berkeley,  using  a  monoenergetic  beam 
of  0^^  ions  (10.4  t  0.2  hfev/nucleon) .  The  emulsions  were  placed  in  a 
holder  at  the  end  of  an  evacuated  beam  tube.  Ttie  plates  were 
positioned  in  such  a  way  that  the  incoming  ions  entered  the  emulsion 
with  a  dip  angle  of  about  5  deg.  Ihe  correct  exposure  was  determined 
by  the  use  of  Ilford  C.2  plates,  25  microns  in  thickness,  that  were 
included  as  a  monitor  with  the  other  emulsions .  After  each  exposxire 
the  C.2  plates  were  immediately  developed  and  scanned  to  determine 
the  adequacy  of  the  number  of  tracks  and  their  distribution  over  the 
enrea  of  the  plate. 


Storage 

Less  than  15  minutes  after  exposure,  a  K.2  and  a  K.O  plate  were 
processed.  These  plates  served  as  controls.  The  remaining  plates 
were  divided  into  two  groups.  Group  1  consisted  of  a  set  of  K.2  and 
K.O  plates  that  were  stored  at  -i-20OC  and  constant  h\miidity  (50  percent), 
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while  Group  2  was  wrapped  in  heavy  hlack  paper  and  polyethylene  and 
was  stored  at  -20^C  in  a  deep  freeze. 

Ihe  plates  were  al.lowed  to  fade  for  periods  of  2;  6^  13  and  30 
days ,  At  the  end  of  each  period^  they  were  taken  from  storage, 
unwrapped,  and  allowed  to  come  to  equilihrium  with  surroundings;  then 
they  were  processed. 


Processing 


[flie  processing  was  kept  as  constant  as  possible  from  batch  to 
batch.  !Ihe  ingredients  used  were  as  follows: 


a.  Bristol  Developer: 

Distilled  water 

Sodium  sulfide  ( anhydrous ) 

Sodium  bisulfide 

Potassium  bromide  (lO  percent  solution) 
Amidol 

b.  Short  Stop: 

Distilled  water 
Acetic  acid  (glacieil) 

c .  Fixer : 

Distilled  water 
Sodium  thiosxilfate 
Sodium  bisulfide 


1000  c.c 
7.2  gms 
1,0  gm 
8,7  c.c, 
3.25  gms 


1000  c.c. 
2  c  .c , 


1000  c.c. 
300  gms 
22.5  gms 


d.  Drying  Solution: 

1.  50  percent  ethyl  SLlcohol,  45  percent  distilled  water, 
5  percent  glycerin 

2,  75  percent  ethyl  alcohol,  20  percent  distilled  water, 
5  percent  glycerin 

So  95  percent  ethyl  alcohol,  5  percent  glycerin 


The  processing  times  and  temperatures  are  as  follows : 

a.  Water  presoaik  5^C  50  min 

bo  Developer  presoak  5^C  50  min 

c .  Warm  development  23^0  60  min 

(1  to  1  dilution  with  distilled  water) 


3 


d.  Short  stop 

10°C 

50  min 

e .  Fixer 

10°C 

clearing  time  plus 

50  percent 

f .  Washing 

10°C 

until  passes 

permanganate  test 

g .  Drying 

10°C 

three  steps 

30  min  each 

After  the  last  step  of  alcohol  treatment  was  completed;,  the  plates 
were  spread  out  in  air,  blotted  with  filter  paper,  and  allowed  to  dry 
at  room  temi>erature 


MEASUREMENTS 


Method 


Ihe  -E^otomicrographic  technique  for  measuring  grain  densities  of 
petrticle  tracks  in  electron  insensitive  emulsions  has  been  previously 
described. 5  Bie  estimate  of  grain  density  g3_  is  obtained  from 
photomicrographic  measurement  of  the  mean  gap  length  according  to  the 
formula 


N(/)  = 


e 


-HI 


where 


N(>^)  =  the  number  of  gaps  greater  than  some 
=  toted  number  of  gaps 
/  =  l/g^  =  the  mean  gap  length 


*  Private  communication  to  the  author  from 
California  Lawrence  Radiation  Laboratory 


C.  Cole,  University  of 

(1961). 
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If  the  above  distribution  ftmction.  is  plotted  on  a  semi -logarithmic 
graphs  then  the  slope  of  the  line  has  a  very  simple  significance--it 
is  equal  to  l/g^*  exponential  nature  of  the  gap  length  distri¬ 

bution  offers  certain  practical  advantages  to  this  technique;  (l) 

Only  gaps  over  a  certain  length  have  to  be  measured  and  a  least  squares 
solution  to  the  experimental  points  can  be  extrapolated  to  obtain  Nq. 
(2)  If  all  gaps  are  either  increased  or  decreased  a  given  amount^  in 
the  case  of  different  observers  who  read  consistently  longer  or  shorter 
gaps^  the  slope  of  the  distribution  remains  unchanged,^; ° 

During  the  course  of  this  investigation^  the  exponential  nature 
of  the  gap  length  distribution  was  verified  for  Ilford  K.O,  K  minus  1, 
and  K  minus  2  emulsions  using  Ne^^,  0^^,  and  ions  with  rates  of 

energy  loss  varying  from  0.35  to  2.35  Mev/micron  (Fig.  1)*  In  Fig.  2 
is  shown  a  typical  set  of  measurements  for  K  minus  1  emulsion  for  Ne^O^ 
ions  with  p  =  0.l4.  The  measurements  represent  an  average  of 
one  hundred  sections  of  tracks^  each  10  microns  in  length. 


Selection  of  Tracks 


Tracks  to  be  measured  were  checked  for  correct  range  and  dip 
angle  in  emulsion.  Only  tracks  that  showed  little  or  no  multiple 
scattering  were  used.  Measurements  were  restricted  to  tracks  in  the 
center  of  emulsion.  As  pointed  out  by  Leide,  there  are  reasons  to 
expect  greater  fading  at  the  surface  of  the  emulsion  than  in  the 
interior. We  have  evidence  suggesting  that  this  is  indeed  the 
case,*  Because  of  the  short  range  of  the  ions  used,  it  was  not 
possible  to  eliminate  this  surface  fading  effect  from  our  measurements. 
However,  measurements  near  the  end  of  the  residiial  range,  where  the 
track  is  deepest  in  emulsion,  are  least  affected  by  this  phenomenon. 


*  To  be  published  In  19^3  the  author. 
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RESULTS 


Typical  tracks  of  0  ions  in  K.O  emulsion  used  in  this  experiment 
are  shown  in  Fig,  3-  ions  traverse  the  emulsion  from  lert  to  right. 

The  tracks  from  head  to  foot  of  the  figure  are : 

(a)  control 

(3)  2  days*  fading  at  +20^C 

(c)  6  days'  fading  at  +20^C 

(D)  13  days*  fading  at  +20*^0 

(e)  30  days'  fading  at  +20^0 

(f)  30  days*  fading  at  -20^0 

Figure  k  shows  a  corresponding  series  of  faded  traoks  in  K.2  emulsion. 

As  can  he  seen  in  a  comparison  of  B  to  A  in  Fig.  3^  feiding  of  grains 
in  K.O  emulsion  can  he  visually  detected  after  two  days.  From  then 
on  increased  fading  is  quite  apparent  and  is  evidenced  hy  the  increase 
in  length  and  density  of  gaps  in  the  track.  In  time  an  opaque  track 
develops  a  structure;  e.g.^  the  increase  in  grain  density  toward  the 
end  of  residual  range  In  E  may  he  observed  in  Fig.  3«  The  increase  in 
grain  density  corresponds  to  the  increase  in  the  rate  of  energy  loss  of 
a  particle  as  its  velocity  decreases. 

Quantitative  information  on  fading  in  K.O  emulsion  is  given  in 
Fig.  5*  grain  density  per  micron  is  plotted  as  a  function  of 

residual  range  and.  period  of  fed-ing.  Data  on  the  control  tracks 
correspond  to  a  satixration  value  of  6-7  grains/micron  \^ich  is  in  good 
agreement  with  the  Patrick-Barkas  data  for  K.5  emulsion."!^  The  agreement 
is  significant  because  all  Ilford  K  series  emulsions  have  approximately 
the  same  mean  grain  diameter  of  0.20  microns. °  No  fading  could  he 
detected  in  K.O  plate  that  was  kept  for  30  days  at  -20*^C. 
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Measurements  on  tracks  in  K,2  emulsion  indicate  that^  for  rates 
of  energy  loss  used  in  this  experiment,  latent  ima^e  fading  is  a 
comparatively  slow  process.  The  grain  density  of  tracks  that  were 
allowed  to  fade  for  30  days  at  room  temperature  and  50  percent  relative 
humidity  differs  by  less  than  10  percent  from  the  grain  density  of 
control  tracks  and  therefore  is  the  same  within  the  accuracy  of  experi¬ 
ment,  Tracks  that  were  stored  for  30  days  at  -20^C  are  indistinguish¬ 
able  from  the  control  tracks , 


DISCUSSION 


Figure  5  shows  that  the  degree  of  latent  image  fading  determines 
the  appearance  of  a  charged  particle  track  in  a  K.O  emulsion. 

Depending  on  ionization  euid  the  extent  of  fading,  grain  density  of  a 
treuik  can  vary  between  0  end  6  grains/micron.  A  track  of  a  stopping 
oxygen  ion  in  a  K.O  emulsion  that  was  faded  for  a  period  of  2  weeks 
looks  identical  to  an  oxygen  ion  track  in  a  less  sensitive  K  minus  1 
emulsion  that  was  processed  immediately  upon  exposure.  In  this  manner, 
latent  image  fading  can  be  used  to  control  the  apparent  sensitivity 
of  an  emulsion. 

All  measurements  discussed  were  performed  twice  or  more  by 
different  observers.  The  error  bars  in  Figs.  2  and  5  correspond  to 
errors  arising  from  the  statistical  fluctuations  in  the  gap  length 
distribution.  Ihe  errors  Introduced  by  the  subjectivity  of  the 
reeders  were  almost  always  greater  than  the  statistical  errors.  It 
was  fovind  that  the  reader  errors  were  a  function  of  gi  and  increased 
as  g]^  increased.  For  g^  of  the  order  of  1  grain/micron  the  measure¬ 
ment  is  accurate  to  better  than  10  percent;  for  g^  the  errors  can 
be  as  large  as  25  percent. 
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Fig.  1  The  rate  of  energy  loss  as  a  function  of  residual  rangu- 
Reproduced  from  Heckman  (1959)^  with  the  permission  of  the  author. 
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I  (MICRONS) 


Fig-  2  Variation  of  the  number  of  gaps  of  length  equal  to  or  greater 
than.^  with  gap  length  ,4;  for  particles  with  rates  of  energy  loss  1-0 
0-65;  and  0.40  Mev/micron- 


Fig.  3  Photomicrographs  of  l60-Mev  oxygen  ions  in  Ilford  K-O  nuclear-track  emulsion- 
traverse  the  emulsion  from  left  to  right.  Tracks  from  head  to  foot  of  the  figure  are 
(b)  2  days'  fading  at  +20°C,  (c)  6  days'  fading  at  +20°c,  (d)  13  days' fading  at  +20°C 
fading  at  +20°C,  (f)  30  days'  fading  at  -20°C. 


3  Photomicrographs  of  IbO-Mev  oxygen  ions  in  Ilford  K.O  nuclear-track  emulsion.  The  particles 
rse  the  emulsion  from  left  to  right.  Tracks  from  head  to  foot  of  the  figure  are:  (a)  control, 
days'  fading  at  +20°C,  (c)  6  days'  fading  at  +20°c,  (d)  13  days' fading  at  +20°C,  (e)  30  days' 
g  at  +20°C,  (f)  30  days'  fading  at  -20°C. 


Fig.  4  Photomicrographs  of  stopping  loO-Mev  oxygen  ion  tracks  in  electron-sensit 
The  particles  traverse  the  emulsion  from  left  to  right-  Tracks  from  head  to  foot 
(A)  control,  (b)  2  days'  fading  at  +20°C,  (c)  6  days'  fading  at  +20'^C,  (D)  13  day 
(E)  30  days'  fading  at  +20°C,  (f)  30  days'  fading  at  -20°C. 


4  Photomicrographs  of  stopping  loO-Mev  oxygen  ion  tracks  in  electron-sensitive  K.2  emulsion- 
particles  traverse  the  emulsion  from  left  to  right.  Tracks  from  head  to  foot  of  the  figure  are; 


control,  (b)  2  days'  fading  at  +20°C,  (C)  6  days'  fading  at  +20°C,  (D)  13  days'  fading  at  +-20'^C, 

o 


3C  days’  fading  at  +20^C,  (?)  30  days'  fading  at  -20'^C- 
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CO,  Fort  McClellan  Alabama 

Commandant,  Chemical  Corps  Schools  (Library) 

CG,  CBR  Combat  Developments  Agency 

CO,  Chemical  Research  and  Development  Laboratories 

Commander,  Chemical  Corps  Nuclear  Defense  Laboratory 
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CG,  Engineer  Res.  and  Dev.  Laboratory 
CG,  Aberdeen  Proving  Ground 
CO,  Army  Medical  Research  Laboratory 
Director,  Walter  Reed  Army  Medical  Center 
CG,  Combat  Developments  Command  (CDCMR-V) 

CG,  Quartermaster  Res.  and  Eng.  Command 
Hq.. ,  Dugway  Proving  Ground 
The  Surgeon  General  (MEDNE) 

CO,  Army  Signal  Res.  and  Dev.  Laboratory 

Director,  Office  of  Special  Weapons  Development 

CO,  Army  Research  Office 

CO,  Watertown  Arsenal 

CG,  Mobility  Command 

CG,  Munitions  Ccamnand 

CO,  Frankford  Arsenal 

CG,  Army  Missile  Command 

AIR  FORCE 

Assistant  Chief  of  Staff,  Intelligence  (AFCIN-3B) 

CG,  Aeronautical  Systems  Division  (ASAPRD-NS) 
Directorate  of  Civil  Engineering  (AFOCE-ES) 

Director,  USAF  Project  RiVND 

Commandant,  School  of  Aerospace  Medicine,  Brooks  AFB 
Office  of  the  Surgeon  (SUP3.l)^  Strategic  Air  Ccomand 
CG,  Special  Weapons  Center,  Kirtland  AFB 
Director,  Air  University  Library,  Maxwell  AFB 
Commander,  Technical  Training  Wing,  34l5th  TTG 
Commander,  Electronic  Systems  Division  (CRZT) 

OTHER  DOD  ACTIVITIES 


Chief,  Defense  Atomic  Support  Agency  (Library) 
Commander,  FC/DASA,  San^ia  Base  (FCDV) 

Commander,  FC/DASA,  Sandia  Base  (FCTG5,  Library) 

Commander,  FC/DASA,  Sandia  Base  (FCWT) 

Office  of  Civil  Defense,  Washington 

Civil  Defense  Unit,  Army  Library 

Armed  Sei'vices  Technical  Information  Agency 

Director,  Armed  Forces  Radiobiology  Research  Institute 

AEC  ACTIVITIES  AND  OTHERS 


Research  Analysis  Corporation 
Texas  Instruments,  Inc.  (Moxiser) 

Aerojet  General,  Azusa 
Aerojet  General,  San  Ramon 
Allis-Chalmers  Manufacturing  Co.,  Milwaukee 
Allis- Chalmers  Manufacturing  Co.,  Schenectady 
Allis-Chalmers  Manufacturing  Co.,  Washington 
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Allison  Division  -  GMC 
Argonne  National  Laboratory 
AEG  Scientific  Representative,  France 
AEG  Scientific  Representative,  Japan 
Atomic  Energy  Gommission,  V/ashington 
Atomic  Energy  of  Ganada,  Limited 
Atomics  International 
Babcock  and  Vdlcox  Gompany 
Battelle  Memorial  Institute 
Beers,  Roland  F,,  Inc# 

Borden  Ghemical  Gompany 
Brookhaven  National  Laboratory 
Bureau  of  Mines,  Albany 
Bureau  of  Mines,  Washington 
Garnegie  Institute  of  Technology 
Ghance  Vought  Corporation 
Chicago  Patent  Group 
Combustion  Engineering,  Inc. 

Combustion  Ihgineering,  Inc.  (NRD) 

Defence  Research  Member 
Denver  Research  Institute 
duPont  CoD^any,  Aiken 
duPont  Con5)any,  Wilmington 

Edgerton,  Germeshausen  and  Grier,  Inc.,  Goleta 

Edgerton,  Germeshausen  and  Grier,  Inc.,  Las  Vegas 

Franklin  Institute  of  Pennsylvania 

Fundamental  Methods  Association 

General  Atomic  Division 

General  Dynamic s/Astronautics  (NASA) 

General  D^araics/Convair,  San  Diego  (BuWeps) 
General  D^araics,  Fort  Vforth 
General  Electric  Company,  Cincinnati 
General  Electric  Company,  Pleasanton 
General  Electric  Gompany,  Richland 
General  Electric  Conqjany,  San  Jose 
General  Electric  Company,  St.  Petersburg 
General  Nuclear  Fhgineering  Corporation 
General  Scientific  Corporation 

General  Telephone  and  Electronic  Laboratories,  Inc. 
Gibbs  and  Cox,  Inc. 

Goodyear  Atomic  Corporation 

Hughes  Aircraft  Company,  Culver  City 

Iowa  State  University 

Jet  Propulsion  Laboratory 

Knolls  Atomic  Power  Laboratory 

Lockheed-Georgia  Coiig>any 

Lockheed  Missiles  and  Space  Company  (NASA) 

Los  Alamos  Scientific  Laboratory  (Library) 

Maritime  Administration 
Martin-Marietta  Corporation 
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33 


Monsanto  Chemical  Company 

Mound  Laboratory 

NASA,  Lewis  Research  Center 

NASA,  Scientific  and  Technical  Information  Facility 
National  Bureau  of  Standards  (Library) 

National  Bureau  of  Standards  (Taylor) 

New  York  Operations  Office 

Nuclear  Materials  and  Equipment  Corporation 

Nuclear  Metals,  Inc. 

Office  of  Assistant  General  Covinsel  for  Patents 

Pennsylvania  State  University 

Phillips  Petroleum  Ccsopany 

Power  Reactor  Development  Cou^jany 

Pratt  and  Whitney  Aircraft  Division 

Princeton  University  (White) 

Public  Health  Service,  Washington 
Public  Health  Service,  Las  Vegas 
Public  Health  Service,  Montgomery 
Purdue  University 
Radiation  Applications,  Inc. 

Rensselaer  Polytechnic  Institute 

Sandia  Corporation,  Albuquerque 

Sandia  Corporation,  Livermore 

Space  Technology  Laboratories,  Inc.  (NASA) 

Sylvania  Electric  Products,  Inc. 

Technical  Research  Group 
Tennessee  Valley  Authority 
Tracerlab,  Inc.,  Richmond 
Union  Carbide  Nuclear  Con^iany  (ORGDP) 

Union  Carbide  Nuclear  Compai^  (ORNL) 

United  Nuclear  Corporation  (NDA) 

U.  S.  Geological  Survey,  Denver 
U.  S.  Geological  Survey,  Washington 

University  of  California  Lawrence  Radiation  Lab.,  Berkeley 
University  of  California  Lawrence  Radiation  Lab.,  Livermore 
University  of  Puerto  Rico 

University  of  Rochester  (Atcanic  Energy  Project) 

University  of  Rochester  (Marshak) 

Westinghoxise  Bettis  Atomic  Power  Laboratory 
Westinghouse  Electric  Corporation  (Rahilly) 

Westinghouse  Electric  Corporation  (NASA) 

Yankee  Atomic  Electric  Company 
Technical  Information  Extension,  Oak  Ridge 

USNRDL 

USNRDL,  Technical  Information  Division 
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